Study Design: Case-control. Purpose: To determine whether a disproportion between two neighboring vertebral end plates is associated with degenerative disc disease. Overview of Literature: Recently, it has been suggested that disproportion of the end plates of two adjacent vertebrae may increase the risk of disc herniation. Methods: Magnetic resonance (MR) images (n=160) with evidence of grades I-II lumbar degenerative disc disease (modified Pfirrmann's classification) and normal MR images of the lumbar region (n=160) were reviewed. On midsagittal sections, the difference of anteroposterior diameter of upper and lower end plates neighboring a degenerated (in the case group) or normal (in the control group) intervertebral disc was calculated (difference of end plates [DEP]). Results: Mean DEP was significantly higher in the case group at the L5-S1 level (2.73±0.23 mm vs. 2.21±0.12 mm, p=0.03). Differences were not statistically significant at L1-L2 (1.31±0.13 mm in the cases vs. 1.28±0.08 mm in the controls, p=0.78), L2-L3 (1.45±0.12 mm in the cases vs. 1.37±0.08 mm in the controls, p=0.58), L3-L4 (1.52±0.13 mm in the cases vs. 1.49±0.10 mm in the controls, p=0.88), and L4-L5 (2.15±0.21 mm in the cases vs. 2.04±0.20 mm in the controls, p=0.31) levels. The difference at the L5-S1 level did not remain significant after adjusting for body mass index (BMI), which was significantly higher in the patients. Conclusions: End plate disproportion may be a significant, BMI-dependent risk factor for lumbar degenerative disc disease. 
Introduction
Overall, degenerative disc disease is back pain symptoms attributable to intervertebral disc degeneration that includes pathologic changes in the disc, annulus, and the end plates, with or without osteophyte formation at the vertebral apophyses [1] . These degenerative changes are among the leading causes of disability, morbidity and socioeconomic burden all over the world. Low back pain, radiculopathy, disc herniation, alignment abnormalities, intervertebral disc displacement, and spinal stenosis are major sequelae of degenerative disc disease. As a result, there is extensive ongoing research to clarify its underlying mechanisms and potential contributing factors [2] . Degenerative disc disease is a complex entity with many interactive ethological factors at play. Mechanical, nutritional, traumatic, and genetic factors have all been implicated in the cascade of disc degeneration to variable degrees [2] . Increasing age, gender, higher body mass index (BMI) scores, demanding jobs/physical activities, lower bone mineral density, and genetic factors have been associated with lumbar degenerative disc disease [3] [4] [5] [6] [7] [8] . In magnetic resonance imaging (MRI), which is a sensitive imaging method for the evaluation of degenerative disc disease, disc space narrowing, loss of T2-weighted signal within the nucleus pulposus, fissures, vacuum changes and calcification, endplate changes, ligamentous and/or marrow signal changes, presence of osteophytosis, and stenosis have been reported [2, 9] . Based on previous data, lumbar intervertebral disc degeneration precedes degenerative diseases of the lumbar spine such as lumbar spinal canal stenosis and disc herniation [6] . Therefore, certain risk factors of disc herniation may also play a role in development of degenerative disc disease. Recently, in midsagittal sections, the difference in the anteroposterior (AP) diameter of upper and lower end plates neighboring a herniated disc was shown to be a significant risk factor for lumbar disc herniation [10] . The objective of the present study was to investigate a possible connection between the end plate disproportion and lumbar degenerative disc disease in a case-control setting.
Materials and Methods

Study design and participants
With approval from the ethics committee of a local university, 160 MR images of the lumbar spine in Azeri individuals with evidence of degenerative disc disease (grades I-II according to the modified Pfirrmann's classification [6] , see Table 1 ) were reviewed in a case-control study. For the control group, another 160 magnetic resonance (MR) images of normal lumbar spine in Azeri individuals were used. The two groups were matched for sex and age. The studied MR images were randomly selected from the archive of another project aimed to determine normal dimensions of the spinal canal in Azeri people at three educational MRI centers from May 2009 through May 2013. The exclusion criteria were ethnicities other than Azeri, previous spinal surgery, lumbar disc herniation, spondylolisthesis, severe degenerative disc disease (grades III to V [6] ) (Table 1) , and significant vertebral deformity resulting from any etiology.
MRI and measuring methods
Sagittal and axial MR T1-weighted and T2-weighted images of the lumbar spine were reviewed by two experienced radiologists. A 1.5-Tesla imager (MAGNE-TOM Avanto 1.5 Tesla MRI system, Siemens, Erlangen, Germany) was used for MRI. The obtained images were stored on a picture archive and communication system that also allowed image enhancement, magnification and measurement. To measure the distance between two points, a cursor was positioned over an initial reference point. The cursor was then moved to the second reference point by dragging the mouse. When the mouse button was released, the distance between the two points was automatically displayed in a box. The eFilm Workstation v.2.1.2 (Merge Healthcare, Milwaukee, WI, USA) was used for this purpose. In the case group, AP diameters of the upper and lower end plates of the degenerated disc were measured on midsagittal sections, and the difference of end plates (DEP) was calculated by using Excel [10] . The measurements included the end plates of lower L1 and upper L2 (L1-L2), lower L2 and upper L3 (L2-L3), lower L3 and upper L4 (L3-L4), lower L4 and upper L5 (L4-L5), and lower L5 and upper S1 (L5-S1) [10] . Similar measurements were made at all levels of the lumbar spine in the control group. The DEP of cases with lumbar degenerative disc disease and controls was compared at similar levels of the lumber spine. For the purpose of blinding, an observer unaware of the objective of this work performed the measurements, first in the control group. To assess measurement errors, the upper and lower diameters of end plates at L4-L5 level in 25 cases and 25 controls selected randomly were measured on two consecutive days by the same single observer who performed the measurements. A skilled radiologist performed all DEP measurements. Data from the two sets of measurements were compared. For the upper AP diameter of the end plates, the mean difference was 0.05 mm with a standard deviation of the difference of 0.002 mm.
For the lower AP diameter of the end plates, they were 0.04 mm and 0.001 mm, respectively. The limits of agreements were within 5% of the mean value [11] . The inter-observer agreement was "almost perfect" between the two radiologists in terms of diagnosis and classification of degenerative disc disease (Cohen's kappa=0.91) [12] .
Sample size calculation and statistical analysis
According to the results of a similar study [10] , to obtain 80% power and detect a difference of DEP at the level of L5-S1=0.5 mm at alpha=0.05, 151 cases were needed in each group; this was augmented to 160 cases for this study.
The SPSS ver. 19.0 (IBM Co., Armonk, NY, USA) was used for statistical comparisons. The chi-square (χ²) and Independent samples t tests were used to compare the data. The logistic regression test was performed for multivariate analysis. The inter-observer agreement in diagnosis and classification of degenerative disc disease was analyzed using Cohen's kappa statistics. Repeatability was evaluated using Bland and Altman's mean difference technique. A significance level of p≤0.05 was used.
Results
Demographics of the study population are summarized in Table 2 . The two groups were comparable in terms of age at the time of MRI (Independent samples t test p=0. 13 Mean DEP at different vertebral levels are compared between the patients and the controls in Table 3 . Comparing the two groups, the mean DEP was significantly higher in the patients at the level of L5-S1 (2.73±0.23 mm vs. 2.21±0.12 mm, independent samples t test p=0.03). This difference did not remain significant after the two groups were adjusted for the participants' BMI (logistic regression analysis p=0.24, Exp (B)=0.92).
Based on the results of the Independent samples t test, there was no significant difference between the two groups regarding the mean DEP at the other vertebral levels (Table 3) .
In patients with degenerative changes at the level of L5-S1, mean AP diameters of the cranial and caudal end plates of the fifth vertebra were 38.01±0.19 mm and 37.93±0.21 mm, respectively (paired samples t test, p=0.63). 
Discussion
Based on a conventional theory, degeneration and aging are similar processes occurring at different rates. Disc degeneration usually occurs at a faster rate and involves patients of working age. Two distinct degenerative processes involving the intervertebral disc have been described; "spondylosis deformans, " which affects the annulus fibrosus and adjacent apophyses, and "intervertebral osteochondrosis", which affects the nucleus pulposus and the end plates with or without fissuring of the annulus fibrosus. The first has been suggested to be a consequence of normal aging, but the second, or deteriorated disc, has been shown to be the result of a pathologic process [2] .
Although degenerative changes in the spine are a complex entity with diverse possible etiological factors, mechanic loading has traditionally been considered a major contributor to lumbar disc degeneration. Frequent and more severe involvement of the discs in areas with the heaviest mechanical stresses, such as the lower lumbar region, bolsters this notion [2] . A ''degenerative cascade'' of the intervertebral disc was first described in three overlapping phases by KirkaldyWillis et al. [13] . In the beginning phase (or dysfunction phase), repetitive microtrauma leads to circumferential painful tears of the annulus, end plate separation, and a compromised state of disc nutritional supply and waste removal. Thus, end plates are pivotal in the process of spinal degeneration in terms of both facilitation and inhibition of ''degenerative cascade'' [14] [15] [16] [17] . Located at Values are presented as mean±standard deviation (range) or frequency (%).
a)
A p≤0.05 is statistically significant. both cranial and caudal ends of each intervertebral disc, the end plates separate the vertebral bone from the disc, prevent the nucleus from bulging into the adjacent vertebrae, absorb the hydrostatic pressure that results from mechanical loading of the spine, and transfer the axial load on the vertebral body to the next vertebra [18] . In a recent study [10] , we showed that the difference of AP diameter of upper and lower end plates neighboring a herniated disc at the levels of L4-L5 and L5-S1 on midsagittal sections was a significant risk factor for lumbar disc herniation. Since the degeneration of the intervertebral disc may lead to later disc herniation [6] , this study was designed to examine the possible role of end plate disproportion in the development of degenerative disc disease. Based on our findings, increasing DEP was significantly higher in patients with degenerative disc disease than in controls at the level of L5-S1.
Previously, some studies reported that asymmetry in the lumbar facets were contributors to disc pathologies [19] [20] [21] . Pappou et al. [22] evaluated the possible relationship of end plate shape on MRI and disc degeneration in surgically treated patients with degenerative disc disease and herniated nucleus pulposus. They found a significant association between the symptoms and flat or irregular levels in both groups with degenerative disc disease or herniated nucleus pulposus.
The annular tension may be related to the end plate shape. This association indicates a possible connection between the exerted axial load on the spinal vertebra and disproportion of the end plates in the development of disc pathologies such as herniation and degeneration [23] . In patients who undergo arthroplasty, undersized devices may subject the central portion of the vertebral body to higher stresses and therefore increase the risk for implant failure [24] . Likewise, the peripheral regions of the lumbar end plates are stronger than the central regions [25] . Therefore, when two endplates do not fully cover each other, higher loading on the weaker central portion of the vertebral body is expected. Over time, this disproportion of the end plates would initiate and/or facilitate degenerative changes at the same level.
Another justification for this association comes from the hypothesis of "functional adaptation." According to this hypothesis, degenerative changes in the spine represent a remodeling process that tries to adapt to the instability in the demands of the spine [26] . Considering the end plate disproportion as an indicator of instability in the spine, this hypothesis is helpful.
In the present work, the mean BMI of patients with degenerative disc disease was significantly higher than the mean BMI of controls. Although this finding conforms with previous reports [27, 28] , a significant effect of BMI on the difference of the end plates between the two groups emphasizes the common role of mechanical loading (weight) and end plate disproportion in the development of degenerative disc disease. In addition, although the mean DEP was higher at all levels of the lumbar spine in patients than in controls, the difference reached a statistically significant level only at the lower lumbar segments (L5-S1).
Based on available data, disc degeneration is more common in the lower lumbar levels, which are subjected to higher stresses [22, 29] . This may explain why end plate disproportion is significant at the lower levels of the lumbar spine compared with upper segments.
To the best of our knowledge, this is the first study that investigates the role of end plate disproportion in connection with degenerative disc disease. As a result, a number of limitations were inevitable and should be acknowledged.
One of these limitations was possible effect of degenerative changes on the end plates of the affected vertebrae and their dimensions. To exclude this possibility, only cases with mild degenerative disc changes (grades I-II according to the modified Pfirrmann's classification [6] ) were studied. In addition, the AP diameters of the cranial and caudal end plates of the fifth lumbar vertebrae in the cases with degenerative changes at the level of L5-S1 were compared. Insignificant difference suggested that the detected DEP was probably present before degenerative changes in the case group [10] .
Like any other study looking at the natural history of degenerative disc disease, the current investigation may be confounded by the common morphologic changes in asymptomatic individuals [30] . By the age of 50 years, over 80% of adults show evidence of degenerative disc disease at autopsy [2] . So, it is almost impossible to claim that the control group consists of completely normal individuals with no trace of degenerative changes in their spine. However, it can at least be claimed that the end plate disproportion is associated with more severe degenerative changes of the spine in comparison with normally and routinely seen variations.
We only used the AP diameter of the end plates to as-sess possible disproportion of two adjacent vertebrae. This is because in a preliminary study (unpublished data), we noted that the biggest difference was present in this dimension [10] . However, the disproportion between the end plates of two neighboring vertebrae in other dimensions should be investigated in future studies. Finally, in an attempt to obviate the possible influence of ethnical heterogeneity and racial differences on the final outcome of the study [5] , only MR images of the lumbar spine in Azeri individuals were used in the present work. Future studies on other racial and ethnic groups are recommended in this regard.
Conclusions
Difference of end plate appears to be a significant, weightdependent risk factor for lumbar degenerative disc disease.
